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LS-DYNA?

What'’s

* ANSYS LS-DYNA is the most commonly used explicit simulation program, capable of
simulating the response of materials to short periods of severe loading. Its many
elements, contact formulations, material models and other controls can be used to

simulate complex models with control over all the details of the problem.

Typical Uses

* Changing Boundary Conditions (Such as Contact between parts that changes over time)

* Large Deformation (For example the crumpling of sheet metal parts)

* Nonlinear Materials that do not exhibit ideally elastic behavior (Thermoplastic polymers)
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http://www.lstc.com/

Classification

Long trem 10 sec

Creep Static/Dynamic

Quasi-Static

Problem Time

0.1 sec 0.01 sec 0.001 sec 0.0001 sec

Detonation
Blast

Hypervelocity
Impact

Ballistics

Drop / Impact

Methods
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Industries

Crash & Occupant Safety Blast Proofing

NVH & Durability Earthquake Safety

Battery Reliability Tents

Bird Strike ‘{ Drob Analvsis

Blade-off Containment ; P Y
Package

Crash

=l
A
2
@

Forming Projectiles and Weapons
Stamping Blast and Penetration
Machining Underwater Shock Analysis
Packaging Devices & Equipment
Switches Medical procedures
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Automotive Safety

Hybrid-IIl Family

50th Male ‘ 50th Female

6 yo child
r @

Dummy for LS-Dyna

Vehicle Crashworthiness
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Aircraft Engine Applications Blade O R

"Whole Engine" Stress and Temperature Simulations

Fan blade off event — Generic Fan Rig Model Bird strike — bird modelled with SPH approach
Confidential: Courtesy of Rolls-Royce Courtesy of LS-DYNA Aerospace Working Group Courtesy of EREUESIEEIES pace Working Group
Large Scale Vibration Analysis FSI / Combustion

Confidential: Courtesy of Rolls-Royce Fluid structure interaction Fuel injection
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Civil Engineering

LS-DYNA user input
Time = 0

Net Barriers Debris-Flow Protection

Landslide Impact Simulation
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Lethality & Survivability

Armor Design Blast Analysis Ballistic Impact

v &

Explosive & Weapon System Development Bullet penetration

.
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Lens Application

Dynamic Simulation Drop Test
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Problem Description
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Mechanical-Static Structural Workbench LS-DYNA (ACT)
i B8 15 20 78 FE ) R A i BR 15 40 12 5% B Sl A 1R
(8% R E R E T ) (FRERTEZH 8 B[S F£0.1mm)
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Model

- SEEEEFHRINRE(EAERE (Shell)

- FRIDEAEERBEESNMEEL A
o {ERL = 7 E B&(solid) 2k MU 32 7 (shell)
ZHtEIESY -

G

Statistics
Modes 90638
Elements 78824

;““",__ELLLLlL-_m

025 038 0.63 075 088 100

Number of Element

Element Metrics
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ANSYS Workbench LS-Dyna
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@l = Static Structural @l . Workbench LS-DYNA
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3 Bl Geometry v ,——a 3 5j] Geometry o
4 @ Model v ST @ Model viES
5 @ Setup v, @ Setup v
6 g3 Solution v 6 Solution v
7 @ Results v 7 |@ Results v .
Step 1 _ , Step 2
Prestress Analysis - Full Model {camera & box) Camera Drop Test N
N
=LAk ki BESH
BENEDEA
E(:qfl_r\?aslg:tsgﬁgiysis - F-uII Model (camera & box) ANSYS Elg(l:c?rbl’;l\‘zrl? DI’Op Test
Lﬂ?g.ﬁc&:walemt (wvon-Mises) Stress - Top/Bottom R18.1 Time: 1.6-003 s
26?.?’:‘%/9 T 02:14 2017/8/9 —Fq: £ 453
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X
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LS-Dyna Implicit to Explicit!!
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EV Stiffness Improvement

LS-Prepost Modeling
Static Stiffness Evaluation
Modal Analysis

Crashwort ss Simulation

/Ansys
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Finite Element Model

Number of Element 270,555
Number of Node 383,838

Element Formulation  #18 Fully Integrated Linear DK Shell

Element Type 4 Node Shell
Material Steel
Weight of BIW 349.80 kg

Number of Spotweld 4,336

Rhiteridé Distrti DAdidel
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Material Property

& ) 8

Specimen for Tensile Test

700
True Strain-Stress Curve
600
¢ A 500
Extensometer | 'g_u‘
/ S 400
[ e I
, @ 300
A
200 * SGC-370
100 SGC-440
* SGC-590
' 0
0 0.1 0.2 0.3 0.4 0.5

Strain

From : “American Society for Testing and Material E 8M-04.
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Spot Weld Parameter

Property : Shear / Normal Failure
Lap Shear Testing

Cross Tension Testing
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Lap-Shear Testing

Spot Welding St

uL

% .
N e
e GL—>} «—0 A-I\ WELD IS CENTERED

AT O/2 AND W2

{

L

y e AWS Schematic for Shear Tension Samples
Shear Tension Sample Dimensions (mm)
Sheet Coupon C.oupon Overlap (O) Sample Unclamped Gripped
Thickness Length (L) Width (W) Length (SL) Length (UL) Length (GL)
0.60-1.29 105 45 35 175 95 40
1.30-3.00 138 60 45 230 105 62.5
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Cross-Tension Testing

Spot Welding

PRV W R A |

Specimen

— e R LR I»ZO mm; +0.2, -0

Bl E

________________ s \— WELD IS CENTERED
1
1

AT O/2 AND W/2
i
.

AWS Schematic for Cross Tension Samples

Cross Tension Sample Dimensions (mm)

Sheet Thickness  Coupon Length (L)

Coupon Width

(W) Overlap (O)

Hole Spacing (HS)

0.60-3.00 105

— \nsys

45 35 100
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Summery Table

Items \ Material SGC-370 SGC-440 SGC-590
I 10.79 13.11 10.52
Lap-Shear Testing 10.83 13.52 10.53
(kN)
11 11.02 13.48 1206
Average 10.88 13.37 10.53
I 8.16 11.56 6.57
Cross Tension Testing t 7 84 10.93 7 48
(kN)
11 8.10 11.70 547
Average 8.03 11.40 7.03
*COMSTRAIMED SPOTWELD (4984 )
1 WD
]
2 nife N2[e SN ss i M TF EP
1089383 1[:%9[:?[: 2035.4170 ||1.E|BE.&+EI£ ELFIEEEE:E:E: 2.0000000 Iﬂr—zﬂ :I1.E:IZ:II:E—2II:
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Structure Stiffness &
Modal Analysis

e Structure Stiffness :

Bending and Torsion Stiffness

e Modal Analysis :
Mode Shape and Nature Frequency
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Boundary and Loading Condition

Constram uz Constrain U XZ

Constrain U XZ ; : :
/ i
P \ /8
\ Constrain U YZ 7 %stram U XYZ
] /” Z / \l
Constrain U XYZ
| Load Condltlon : Pressure | Load Condition : Nodal Force |
K i K !
b—§ t™ g
Bending Stiffness Torsion Stiffness
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Bending Stiffness

Side view

Iso view

0 : f@) =~ / | o — : ° — _;“\

| = e =
Z-Displacement L Measuflie Polfitl| 1= or i MY

L i |
. JH T = I L 0 i

Nodal Displacement = 0.72 mm . Ml | M =H

0 ol =k — J% iy e
Bending Stiffness Lodt E T

oading
r X

Kb = 272407 N/mm Bottom view
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©2021 ANSYS, Inc. / Confidential



Torsion Stiffness

Iso view Front view

Z-Displacement

6;=-1.24 mm, §,=-5.54 8y 6

5 +6
0 = tan ! [“L—’”l] = 0.22° ]

Torsion Stiffness K.=5184.16 N-m/degree
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Modal Analysis Result

Structure Original Design (USUM)
®n 1%t Mode Shape ®n 2"d Mode Shape
15.16 Hz 22.71 Hz
Local fﬂc |
Bending |\ _ Global |\
Mode . Shear | .
(Battery) 6 Mode
@, 3" Mode Shape P, 4t Mode Shape
24.56 Hz 30.83 Hz
f"_; Local
Global | Bending
Torsion Mode
Mode (Rear
Floor)

©2021 ANSYS, Inc. / Confidential



Modal Analysis Result

Structure Original Design (USUM)

®, 5th Mode Shape @, 6" Mode Shape
31.03 Hz 32.06 Hz
: Local |-
Local |- Bending |-
Torsion | Mode | °
Mode - (Battery -
(Battery) & Rear
End) -’-@
prolution SR :
Objectlve \ ¢ | Floor Local Mgge™.

Ellml‘nate Locdl Mode of a.t-kery Mod|fy Target on Battery Floor
g@ WIthln!O Hz 48 , o
§ =

\ g -
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Optimization

Base on Mode Shape Result
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Modal Analysis Result

Optimization Design 3 (USUM)
®n 1%t Mode Shape ®n 2"d Mode Shape
23.10 Hz 2491 Hz
'
Global |\ 4 Global [\
Shear | < Torsion | ==
Mode Mode
@, 3" Mode Shape P, 4t Mode Shape
33.12 Hz 37.03 Hz
LOC?l r Local
Bending |- Shear
Mode | Mode
Rear
( (Front
End & End)
Package) 0 'Q
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Modal Analysis Result

Optimization Design 3 (USUM)
®, 5th Mode Shape @, 6" Mode Shape
38.14 Hz 41.43 Hz
Local Local [

7 Bending | =
Bending Mode | (
Mode (Rear | L

(Battery Floor 4
Pacfa ) Firewall, z _
& Package) | = |
Bending Torsion
Type\ltems Stiffness Stiffness Weight (kg)
(N/mm) (N-m/degree)
4614.89 5680.90 358.21
Improved (%) 69.41 9.58 2.40
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Impact Simulation

e Side Impact (FMVSS 214)
 Rear Impact (FMVSS 301)
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Gross Vehicle Weight
A

Number of Element 565,012
Number of Node 546,033
Element Formulation  #16 Fully Integrated Shell
Weight 1238.60 kg

.

Drive Motor

Frong SuspensiQeis=

Y & X Thg

34

A
Generator
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Rear Suspension
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Side Impact Condition

FMVSS 214 — Occupant Crash Protection
Vehicle Manufactured On or After 9/1 2014

l«—— Wheelbase (W) ——>

L < 940 Tl-o.sw-»_\ /
2" |nitial Velocity (km/hr) Q - //‘
= Y¥:47.76,X:24.33 T ES Eﬁ"_'ﬂ il .

i Vehicle A
Impact Point / ¥

’“’1\1:%*}7%’7
/
|E00000
N
/ﬁ
G

Directiol :1 gt'
Y X of Travel 7 270 |

Wi==/
: |
* Vehicle Condition / ~
K52

1. Two Occupant In Impact Side
2. Fuel Tank 92 to 94%
3. Add 300 kg Load In Package

Vehicle B

M
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©2021 ANSYS, Inc. / Confidential



Result

180
160
140
120
~ 100
80
60
40

20 /

Time-Energy Curve * Kinetic Energy

* Internal Energy

kJ)

Energy

0 0.02 0.04 0.06 0.08 0.1 0.12
Time (sec)

VDB eE BregyVifaantier

~ap=
Dummy Impact Behavior Process of Fuel Tank & Battery Impact
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Rear Impact Condition

FMVSS 301 - Fuel System Integrity
Vehicle Manufactured On or After 9/1 2008

Fuel Tank Damage

i |
g E_,-;;,-;,Lgic.nr-.1_.-'pniﬂe,gg

-

* Vehicle Condition
1. Fuel Tank 90 to 95%

Battery Damage

R R \NSsys
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Result

500
450 |
400 * Vehicle Kinetic Energy
350

=300

& 250

£ 200
150
100

50
0

Time-Energy Curve * Moving Barrier Kinetic Energy

* Vehicle Internal Energy

0 0.02 0.04 0.06 0.08 0.1 0.12
Time (sec)

Vehicle & Rigid Wall Energy Transfer

Process of Fuel Tank & Battery Impact

R R \NSsys
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Damage Investigation

40
Point Displacement
% Liqui 0 :
95% Liquid
q . (l) 0.08 0.1 0.1L2
-------- E .
: £ 40
________ 2
........ (]EJ -80
--------- 8
........... 1)
-------- o
............... é’ -120 A- A Point
----- « B-B’ Point
""""" + C-C’ Point
-160 + D-D’ Point
« E-FE Point
F - F Point
Z -200

Time (sec)
% & X :
Iso View

00:86'MPa -

o4
Y e _d

)

S S S \nsys
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Summery
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